A retrospective analysis of 413 patients who received postoperative epidural analgesia under a standardized protocol found that 84 (20%) had a duration of epidural catheterization of greater than four days. The most common reasons were significant pain (n=64, 15%) and coagulopathy (n=26, 6%). Risk factor analysis for coagulopathy showed an odds ratio of 10.1 (95% confidence interval 4.2-24.5) for prolonged epidural catheterization among patients undergoing hepatectomy. Magnetic resonance imaging, performed in four patients with clinical signs suggestive of epidural haematoma, was negative for a space-occupying lesion in all cases. Eleven patients developed fever and clinical signs suggestive of epidural catheter-related infection, necessitating early catheter removal. Sixteen patients had persistent lower limb weakness at 24 hours after catheter removal. The signs soon resolved in all except two, one of whom had neuropathy related to intraoperative positioning and the other preoperative weakness. Accidental epidural catheter dislodgement occurred in 29 patients (7%) and is potentially hazardous if coagulopathy is unresolved. The riskbenefit ratio and factors complicating catheter removal, especially coagulopathy, should be considered when deciding whether to use epidural techniques.
Epidural administration of opioid and local anaesthetic provides regional anaesthesia, with or without general anaesthesia, and postoperative pain relief for patients undergoing thoracotomy, laparotomy, pelvic and lower limb surgery. The epidural catheter is commonly left in situ for one to four days to provide adequate analgesia in the early postoperative period when pain is most intense. It is the standard practice in our institution and in many others [1] [2] [3] to provide postoperative epidural analgesia for approximately three days. Prolonged catheterization causes patient inconvenience, increases nursing workload and may lead to infection. However, in some patients, the epidural catheter has to be left in situ for longer periods of time to manage persistent pain or for other reasons.
An extremely rare but serious complication of epidural techniques is haemorrhage. In susceptible patients this may result in an epidural haematoma, with the potential for neurological damage from spinal cord compression. Epidural haemorrhage may occur during the insertion or the removal of an epidural catheter. The former situation is usually avoided, given that preoperative coagulopathy is a well-known contraindication to catheter insertion and can be screened for before the procedure. However, it is more difficult before surgery to predict the likelihood of postoperative coagulopathy. This complication may result from unexpected massive haemorrhage, septicaemia or surgery involving major resection of the liver. In a series of 85 consecutive healthy adult liver donors who underwent hemihepatectomy, the international normalized ratio (INR) peaked on postoperative day two (1.5, range 1.0 to 2.0). This returned to normal (<1.4) by day four. Also, the platelet count fell to less than 100x10 9 .l -1 on day three in five patients 4 . It is not uncommon for an epidural catheter to be left in situ for a period exceeding that required for postoperative analgesia, until the patient's coagulation status is suitable for its removal.
This retrospective analysis, conducted in a university teaching hospital, was performed to study the causes of delayed epidural catheter removal, including those due to postoperative coagulation abnormalities. The safety impact and effectiveness of a standardized protocol for catheter removal was also evaluated.
METHODS AND MATERIALS
The study was approved by the hospital institutional review board.
All acute pain management records in the database of the Acute Pain Service (APS) of the Queen Mary Hospital in Hong Kong for an eighteen-month period from 1 January 1999 to 30 June 2000 were reviewed. Obstetric patients were excluded, yielding 413 records of epidural analgesia for analysis. All patients had their epidural catheter inserted before induction of anaesthesia. Epidural local anaesthetic with or without opioid was administered intraoperatively either by bolus injection or continuous infusion. Postoperative analgesia commenced in the recovery room according to a standard regimen (available on request) and continued to be managed by the APS after patient discharge to postoperative wards. In this series, no patient received subcutaneous unfractionated or low molecular weight heparin thromboprophylaxis.
Postoperative epidural infusions were continued until patients were relatively free from rest pain, had minimal movement/cough-related pain and numerical rating scores (NRS) of 3/10 or less. This usually occurred after about four days (from the day of operation to the third postoperative day). Patients were evaluated before epidural catheter removal using a standard protocol, with the aim of minimizing the risk of epidural complications. Those who had no known preoperative, intraoperative and postoperative risk factors or clinical evidence of coagulopathy had the epidural catheter removed without laboratory investigation. All other patients had blood tested for prothrombin time (PT), activated partial thromboplastin time (APTT) and platelet count prior to catheter removal. This group included patients who had preoperative liver function impairment, major intra-and postoperative haemorrhage (>20% of estimated blood volume or exceeding one litre), perioperative sepsis, medication affecting coagulation or other conditions associated with coagulopathy. Any patient with an INR or APTT >1.5 the upper limit of control or platelet count <100x10 9 .l -1 had the epidural catheter left in situ and had blood tests repeated daily. The catheter was removed only when coagulation parameters did not exceed the specified limits. Patients with risk factors for epidural infection in the presence of coagulopathy, or persistent coagulopathy beyond one week, had the catheter removed after transfusion of fresh frozen plasma and/or platelet concentrate, as appropriate.
All patients were instructed to inform nurses immediately of the onset or progression of lower limb weakness after epidural catheter removal. Nursing staff routinely monitored lower limb power at fourhourly intervals for at least 24 hours after removal of the catheter. An anaesthetist from the APS reassessed all patients at least once, at 24 hours after epidural catheter removal or before the patient was discharged from the care of the team. After catheter removal, any patient who had a progressive increase in lower limb weakness, sensory loss or other signs suggestive of a space-occupying lesion was to be sent for urgent magnetic resonance imaging (MRI) study of the spine, followed by immediate surgical intervention where an epidural haematoma was demonstrated.
A standard APS chart was used for data collection. Data included demographics, preoperative assessment, medical disease, American Society of Anesthesiologists (ASA) physical status rating, type and duration of surgery, blood loss, anaesthetic technique, postoperative analgesic technique and drug dosage. Postoperative parameters recorded included blood pressure, heart rate, oxygen saturation, pain assessment using NRS at rest and during cough, lower limb weakness, and side-effects such as pruritus, dizziness, postoperative nausea and vomiting. The charted data were validated by a member of the APS during the daily postoperative visit, and then analysed at monthly intervals for quality assurance.
During the study period, all patients who had the removal of their epidural catheter delayed were analysed. Epidural duration was defined as the number of days from epidural catheter insertion to removal. Prolongation of epidural catheterization was defined as longer than four days.
Statistical Analysis
Statistical analysis was performed using the software program SAS for Windows 8.02 (SAS Institute Inc., Cary, NC, U.S.A). Logistic regression was performed to compare surgical procedures as risk factors for delayed epidural catheter removal because of coagulopathy. The change in various coagulation tests over time was compared to the preoperative value in each group by repeated measures ANOVA. Where a statistically significant difference was detected, further pair-wise comparisons were made between individual time points and the preoperative values using paired t-tests with Bonferroni correction. The significance level was set at P<0.05.
RESULTS
During the eighteen-month period, 413 patients received epidural analgesia ( Table 1 ). The mean (standard deviation [SD]) duration of postoperative epidural analgesia was 3.6 (1.1) days, and most of the patients received epidural analgesia until the morning of the third postoperative day. Eighty-four patients (20%) had their epidural catheter kept in situ beyond day 4. The mean epidural duration for these patients was 6.2 (1.0), range 5 to 9 days; compared with 3.1 (0.7), range 1 to 4 days, for those who did not have prolonged epidural catheterization. The most common reason for prolonged epidural duration was significant wound pain (n=64, 15%) requiring maintenance of epidural analgesia, followed by postoperative coagulation status failing to meet the minimal requirements of our protocol for epidural catheter removal (n=26, 6%; Table 2 ), with seven patients having both present. All patients with coagulopathy had a normal preoperative PT (less than 13.2 s), APTT (less than 37.6 s), and a platelet count greater than 100210 9 .l -1 . One patient had liver cirrhosis but normal PT, APTT and platelet count. In the majority of these patients (n=23), coagulation status returned to the minimum standard for epidural catheter removal by Day 6 (range 5 to 9), without intervention. Changes in PT, APTT and platelet count are displayed in Figures 1 to 3 respectively. Two patients with persistent coagulopathy and signs of local infection received FFP transfusion, and one received platelet concentrate to cover catheter removal. Two patients who underwent oesophagectomy had isolated readings of APTT >110 seconds on the second and third postoperative day. Subsequent investigations identified these results as artifacts due to heparin contamination. Table 3 On evaluation 24 hours after catheter removal, 16 of 413 patients (4%) still complained of lower limb weakness or numbness, but after further investigations, none showed evidence of epidural haematoma or a neurological complication attributable to the analgesic technique. All but two had full recovery of lower limb strength shortly after the 24-hour period. Four patients had MRI studies of the epidural space performed, based on clinical suspicion, to exclude epidural space-occupying lesions, but none were found. In the two patients with persistent weakness, one had a history of pre-existing unilateral lower limb weakness before the operation, with no further deterioration after catheter removal, and the other was shown by nerve conduction studies to have a common peroneal nerve neuropathy, probably related to positioning. Eleven patients developed fever postoperatively and all had their epidural catheters removed as a precaution against epidural-related infection. Two patients had small subcutaneous abscesses at the epidural puncture site, treated with antibiotics. None of these patients had evidence of epidural infection on follow-up. Three patients had advanced carcinomatosis detected intraoperatively and died within a week of surgery. Their coagulation profiles progressively deteriorated in the postoperative period such that their epidural catheters could not be removed before death. During the study period, epidural catheters dislodged prematurely in 29 patients (7%). In 28, accidental total or partial dislodgement occurred during the postoperative period, with the remaining catheter found disconnected from the bacterial filter and then removed to prevent infection. In three of these patients the catheter dislodged in the presence of coagulopathy. One patient had persistent lower limb weakness lasting longer than four hours, but an urgent MRI was normal. This patient's lower limb motor power recovered over the next 12 hours.
DISCUSSION
Spinal/epidural haematoma is an extremely rare but potentially disastrous complication of neuraxial blockade. The actual incidence is unknown, but neurological sequelae due to epidural haematoma have been estimated at less than 1 in 150,000 epidural anaesthetics 5, 6 in non-anticoagulated patients. However, in a review of 18,000 central blocks 7 , 3 of 9,232 patients with epidurals (1 in 3,000) had irreversible neurological damage after epidural catheter removal. All three patients had received anticoagulant therapy. Of the 61 patients with spinal/epidural haematoma cited in another review 8 , 46 had received epidural anaesthesia including 32 patients with an indwelling catheter. In 15 of the 32 patients, the haematoma followed removal of the epidural catheter. Other case reports over the last decade continue to document spinal/epidural haematoma after epidural catheter removal, both among patients who had received anticoagulants [9] [10] [11] , and in those who had not 12, 13 .
Guidelines for epidural catheter removal for patients receiving anticoagulant thromboprophylaxis are well established 14, 15 , with strict attention paid to the timing of previous and subsequent dosing. However, for patients not receiving anticoagulant therapy, little information is available on the timing of catheter removal 16 , although standard practice is to remove it when coagulation indices are normal. A Off day refers to the day on which the epidural catheter was removed. Data are mean±SEM. ‡ significantly different from pre-op (P<0.0001); † significantly different from off day (P<0.0001); § significantly different from day 2 (P<0.0001).
Platelet count (210 9
.l -1 ) standardized protocol for catheter removal has been in use in our institution since 1998, to formalize practice and minimize complications. The guidelines on coagulation indices have been adapted from those suggested for patients receiving thromboprophylaxis. The lowest platelet count acceptable for the safe insertion of an epidural catheter remains controversial. Some authors 17,18 use a cut-off of 100210 9 .l -1 , which we have adopted. We hold the common view that the same parameters necessary for catheter insertion should also be present for catheter removal 19 . However, practice patterns that permit epidural techniques at platelet counts of 80210 9 .l -1 or lower have been published 18, 20, 21 . It remains for the individual anaesthetist to assess the risk-benefit ratio for each case.
The clinical presentation of epidural haematoma 8 includes new onset or increasing lower limb weakness, sensory deficit, and less frequently, back pain and bladder or bowel incontinence. A low concentration of local anaesthetic has been recommended for postoperative analgesia 7, 18 so that motor blockade is minimized and neurological complications more easily detected. We apply these recommendations and used 0.0625% bupivacaine with fentanyl 3.3 µg/ml in our protocol. Even so, 14 patients complained of some degree of muscle weakness 24 hours after catheter removal. Weakness can be subjective, and related to reluctance of patients to move due to mild surgical pain or "generalized weakness and lethargy". The influence of "positive suggestion" on patients from repeated questioning for side-effects is also difficult to assess. This illustrates the difficulty in formulating objective protocols, and the importance of close follow-up when a symptom such as weakness is elicited. We have not adopted "reversal of block at periodic intervals" 7, 18 to facilitate examination, as in our opinion resultant breakthrough pain would be unacceptable. We emphasized new onset or increasing density of motor block/weakness as an ominous sign, as opposed to mild weakness that improved with time as is seen with a receding block. It is important to continue neurological evaluation for a 24-hour period after removal of the catheter, as paralysis may occur soon after catheter removal or a longer time may elapse before neurological signs present 22 . Epidural haematoma may occur even if conventional coagulation tests are normal at the time of catheter removal. In two recent case reports where this occurred, one patient 9 had received ibuprofen and low molecular weight heparin, whereas in the other patient 13 , epidural venous congestion with impaired liver function was thought to be contributory.
If clinical signs suggest an epidural space-occupying lesion, MRI is the preferred imaging technique 23 . Using this protocol, in combination with repeated clinical examination, four patients had clinical signs sufficient to warrant urgent MRI examination, including one with coagulopathy in whom the epidural catheter dislodged. All tests proved negative. Whether a 1% rate (4 of 431) of usage of the MRI service is excessive is debatable. This investigation consumes time and resources and makes patients and staff anxious. However, many believe it justified, given the potentially devastating consequences of a missed or delayed diagnosis. Prompt surgical decompression of epidural haematoma is essential, because a time interval between the onset of symptoms and decompression laminectomy of less than eight hours is associated with a relatively good prognosis 24 .
Strict adherence to this protocol would inevitably mean that epidural catheters were kept for a longer period until coagulation indices normalized. A complication of prolonged epidural catheterization is epidural abscess. A single-centre study 25 in patients having epidural catheters for postoperative pain management reported an incidence of 1:800. In a Danish national survey 26 , an incidence of 1:2,000 was reported, and all patients with an epidural abscess had their catheters in situ for three days or longer. In one hospital survey, patients with an epidural abscess had catheter durations three times longer than the mean. Presence of local inflammation (erythema and local discharge) is also a risk factor 27 . When these factors are present in a coagulopathic patient, a clinical decision must be made on the appropriate timing of catheter removal. In three of our patients with local signs of infection, we opted to transfuse blood products to cover the period of catheter removal.
Since we adopted a standard APS protocol for epidural care and catheter removal, no epidural haematoma has been detected. However, this study involving 431 patients is clearly too small to demonstrate that our protocol is effective in preventing such a rare complication. Using an incidence of between 1:3-150,000, it would require between 30,000 and 4.8 million patients to detect a 50% reduction in this complication by means of a protocol or intervention, with 80% power. Nevertheless, even with fewer than 500 patients in this study, hepatectomy conferred an OR of 10.1 for delayed catheter removal due to coagulopathy. In another study at this institution 4 of partial donor hepatectomy, the majority of patients had postoperative coagulopathy beyond day 3. In the present study, 10 out of 11 patients underwent hepa-tectomy for tumour resection. Any perceived benefits of epidural analgesia in this group of patients must be balanced against the high chance of coagulopathy and hence concern about the complications of delayed catheter removal. After discussion in our clinical audit meetings, we have changed departmental policy and do not recommend epidural analgesia for patients with significant preoperative cirrhosis or having operations involving major liver resection.
Epidural catheter dislodgement occurred in 7%, which is consistent with recent reviews in which the incidence was reported to be 5.7% to 13% 1, 28 . Apart from interruption of good analgesia, accidental epidural catheter dislodgement during a coagulopathic phase could have serious consequences. Further investigation has shown that most dislodgement in our institution occurs due to patient movement during nursing care or at discharge from the intensive care unit to the general ward. Measures have been taken to standardize protocols for securing the catheter and changing the epidural dressing, as well as educating nursing staff on patient transfer. However, the incidence does not appear to have significantly fallen despite these measures. Modification of the fixation technique may be useful. In a prospective study, subcutaneous tunneling of the epidural catheter significantly reduced epidural catheter dislodgement 2 , and further investigation is warranted.
In summary, implementation of a protocol for epidural catheter removal has raised awareness of the risks associated with postoperative coagulopathy, even when patients have not received anticoagulant drugs. We believe formal coagulation tests should be performed in specific patient groups, particularly patients undergoing hepatectomy and that continued observation for at least 24 hours after catheter removal is important.
